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scale

Planck  
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246 GeV ⇠ 1.2⇥ 1019 GeV

•gravity is strong!

Large disparity

Solution: graviton can propagate freely in the extra dimensions!

Bonus: give a natural explanation for the smallness of  
neutrino masses!

http://hitoshi.berkeley.edu/  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Formalism

Right-handed neutrino states:               ↵ (↵ = e, µ, ⌧)

D extra Dimensions with compactification radii        Rj (j = 1, 2, ...D)

(asymmetric space)

One large spatial scale with radius:      (5-dimensional space)   RED

Arkani-Hamed, Dimopoulos and Dvali, 
 Scientific American, August 2000
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Formalism

Action of interaction between the active neutrinos and     field is  ↵

S↵ =
R
dx4dyi ̄↵�A@A ↵+

R
dx4[i⌫̄↵L�µ@µ⌫↵L+↵�H ⌫̄↵L �R(x, y = 0)]+ h.c.
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Formalism

NiL(R) =
⇣
⌫(0)i , ⌫(1)i , . . .

⌘T

L(R)
Pseudo mass eigenstates

Mi =

2

6664

mD
i 0 0 0 . . .p

2mD
i 1/RED 0 0 . . .p

2mD
i 0 2/RED 0 . . .

...
...

...
...

. . .

3

7775
Need to be  

diagonalized!
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⌫iL =
3X

i=1

U↵i

1X

n=0

S0n
i ⌫0(n)iL (↵ = e, µ, ⌧)

⌫↵L

Diagonalizing in the form:         :S†
iM

†
i MiSi
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And              

�
S0n
i

�2
=

2

1 + ⇡2
�
mD

i RED

�2
+

⇣
�(n)
i

⌘2
/
�
mD

i RED

�2 .
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The true neutrino masses are: 
             m(n)

i =
�(n)
i

RED

�(n)
i � ⇡

�
mD

i RED

�2
cot

⇣
⇡�(n)

i

⌘
= 0

n  �(n)
i  n+ 1/2

Formalism

Two new free parameters:   (mD
1 (mD

3 ), RED)
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Formalism

...
...

...

i = 1 i = 2 i = 3

n = 0

n = 1

n = 2

n = 3

n ! 1

More  
active

More  
sterile
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Oscillation Probability

P (⌫↵ ! ⌫�) =
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Short-Baseline Neutrino Program
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GLoBES +
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Constrains by neutrino oscillation data:  

⇣
�(0)
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Square mass differences:

Mixing angles:

sin ✓LED
13 =

sin ✓3⌫13
(S00

3 )

cos ✓LED
13 sin ✓LED

23 =

cos ✓3⌫13 sin ✓
3⌫
23

(S00
3 )

cos ✓LED
13 sin ✓LED

12 =

cos ✓3⌫13 sin ✓
3⌫
12

(S00
2 )
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SBN potential to measure LED parameters 
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3+1 fit to the LED scenario
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Thank you!
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3+1 model at the SBNF
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3+1 model at the SBNF
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3+1 model at the SBNF

0.5 1.0 1.5 2.0 2.5 3.0
0

50000

100000

150000

200000

250000

Energy (GeV)

E
ve

n
t
R

a
te
/b

in

Signal

BG

Signal : (�m2
41 = 1.1 eV2, sin2 2✓µµ = 0.1)

ICARUS, 6.6⇥ 1020 POT (600m)

Statistical Uncertainty Only

⌫µ

New Perspectives 2018 - LED at the SBN                                                                                              G. V. Stenico



21

3+1 model at the SBNF

arXiv:1503.01520
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GLoBES

General Long Baseline Experiment Simulator
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GLoBES
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GLoBES
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3+1 model at the SBNF

ICARUS 90%CL
10

-4
10

-3
10

-2
10

-1
10

0

10
-2

10
-1

10
0

10
1

10
2

10
-4

10
-3

10
-2

10
-1

10
0

10
-2

10
-1

10
0

10
1

10
2

Sin
2(2 e)

m
4
1
2
[e
V
2
]

New Perspectives 2018 - LED at the SBN                                                                                              G. V. Stenico



27

3+1 model at the SBNF
arXiv:1503.01520
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3+1 model at the SBNF
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Preliminary Results SBNF sensitivity curves for “3+1” model 

arXiv:1503.01520

arXiv:1503.01520

New Perspectives 2018 - LED at the SBN                                                                                              G. V. Stenico



29

Preliminary Results SBNF sensitivity curves for “3+1” model 

P (⌫µ ! ⌫e)

P (⌫µ ! ⌫µ)

arXiv:1503.01520

arXiv:1503.01520

New Perspectives 2018 - LED at the SBN                                                                                              G. V. Stenico



29

Preliminary Results SBNF sensitivity curves for “3+1” model 

P (⌫µ ! ⌫e)

P (⌫µ ! ⌫µ)

arXiv:1503.01520

arXiv:1503.01520

New Perspectives 2018 - LED at the SBN                                                                                              G. V. Stenico



29

Preliminary Results SBNF sensitivity curves for “3+1” model 

P (⌫µ ! ⌫e)

P (⌫µ ! ⌫µ)
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2 parameters! 
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Preliminary Results SBNF sensitivity curves for “3+1” model 
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Preliminary Results

There is no equivalence between LED and “3+1” model 
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Preliminary Results
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What do we have for LED?

We want to do the same analysis for LED 

ICARUS was calibrated 
in GLoBES (Same recipe 

for other two 
detectors)!

LED has a numerical probability! 

How to implement it in 
GLoBES?
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